Introduction
The Standard Model (SM) of electroweak interactions makes precise predictions for the couplings between gauge bosons due to the nonabelian gauge symmetry of SU (2) Tevatron run (Run I) [1] . This paper describes the results of those studies.
W W and W W ZCouplings
A formalism has been developed to describe the W W and W W Zinteractions for models beyond the SM [2] . The eective Lorentz invariant Lagrangian, after imposing C, P, and CP symmetry, is: iL W [3] .
The eective Lagrangian leads to vector boson pair production cross sections which grow witĥ s, the square of the invariant mass of the diboson system, for non-SM values of the couplings. In order to avoid unitarity violation, the anomalous couplings are parameterized as form factors with a scale, (e:g: =(1 +ŝ= 2 ) 2 ) [4] . The cross section is enhanced, particularly at highŝ, because the delicate cancellation of some SM amplitudes is destroyed. The total cross section depends quadratically on the anomalous couplings. Furthermore, the transverse momentum of the bosons is larger.
Z and ZZ Couplings
The trilinear Z and ZZ couplings are all expected to be zero in the SM at tree level. Deviations from the SM are characterized [5] by momentum dependent form factors h V i (i = 1 ; 4), where V means or Z. h V 1 and h V 2 are CP odd, while h V 3 and h V 4 are CP even. Anomalous Z and ZZcouplings enhance the cross section and harden the photon E T spectrum.
W Production 2.1. Results from CDF
The CDF Collaboration has previously published [6] the results of the Run Ia analysis. Here we report on the analysis of 67 pb 1 of the Run Ib data, last updated in July 1995 [7] . W events are identied by the presence on an isolated muon with jj < 0:6 or electron with jj < 1:1 and E T > 20 GeV. Missing transverse energy / E T > 20 GeV is required. A photon with E T > 7 GeV is required within jj < 1:1. The angular separation R(`) = p 2 + 2 between the lepton and the photon is required to be greater than 0.7. The R selection criterion reduces the contribution from events where the photon has radiated from the lepton. CDF found 109 W candidates. The background, mainly from W + jet(s) where a jet mimics a photon, is expected to be 26:4 2:7 events. Limits on anomalous W W couplings [8] , from a t to the photon E T spectrum, are as follows. For = 1:5 T eV, 1:8 < < 2:0 and 0:7 < < 0 : 7 at 95% CL. SM W production has a radiation zero [9] at cos = 1=3, where is the angle between the incoming quark and photon in the W rest frame. Requiring R(`) > 1:5 and that the invariant mass of the lepton and / E T is close to the W boson mass reduces the nal state bremsstrahlung. A hint of a radiation zero is observed [7] .
Results from D
The D Collaboration has previously published the results of the Run Ia (14 pb 1 ) analysis [10] . Here we report on the Run I (93 pb 1 ) combined analysis published recently [11] . W events are identied by the presence of a high-p T lepton, either an isolated muon with jj < 1:0 o r electron with jj < 1:1 o r 1 : 5 < j j < 2 : 5. / E T indicative of the decay o f a W boson is required. A photon with E T > 10 GeV is required within the same ducial limits as the electron. As in the CDF analysis, requiring R(`) > 0:7 reduces the numb e r o f e v ents where the photon radiated from the lepton.
The combined data sample contains 127 events with a background, due mainly to W + jet(s) and One particularly interesting result is the exclusion, at 96% CL, of the U(1) EM only point = 0 = 0. Exclusion of this point is direct evidence that the photon couples to more than just the electric charge of the W boson. This is a triumphant conrmation of the SM gauge theory prediction.
W Wand W ZProduction 3.1. Results from D
The D Collaboration has studied the channels p p ! W W!` 0 0(;`0 = e; ) and p p ! W W ( W Z )!e jet jet + X. The background from W + jet(s) makes it dicult to extract a SM signal for the latter. Results of a search for a W W!dileptons signal in the Run Ia data, leading to limits on W W and W W Z anomalous couplings, has been previously published [12] . The results of a search for a non-SM signal in the Run Ia data of the W W ( W Z )! ejet jet decay m o d e h a v e also been previously published [13] . All of the Run Ia analyses (including the W ,W W=WZ, and Zanalyses) are described in detail in a previous publication [14] . The combined Run Ia W and WW=WZ analyses provide anomalous coupling limits (assuming the W W Zand W W couplings are equal) of 0:71 < < 0 : 89 and 0:44 < < 0 : 44 for = 1500 GeV [14] . These analyses have been extended into Run Ib data.
The signature of the dilepton decay o f a W Wis two high-p T charged leptons along with large / E T . The E T and / E T cuts depend on the particular decay m o d e ee, e, o r , because of the dierence in the p T resolution of the D electron and muon detectors. In order to reduce the background from Z boson decays, cuts are made on the azimuthal angle between the / E T and leptons. Fur-ther rejection of Z ! ee is obtained by requiring that jM ee M Z j > 15 GeV/c 2 . F or the e decay c hannel, it was required that R(; e) > 0:5 to reject W bosons with a tracked-matched photon due to bremsstrahlung radiation from the muon. The background due to t t production was reduced by requiring jẼ had T j 40 GeV. Four ( Limits on anomalous W W and W W Zcouplings are made by tting the E T (e) spectrum from the data with that expected of the background plus signal as a function of anomalous couplings. Combining the Run Ia and Run Ib semileptonic decay analyses yields limits, for = 2000 GeV, of 0:33 < < 0 : 36 and 0:43 < < 0 : 59 under the assumption that = Z and = Z . Limits using a dierent assumption, that the W W have the SM values (so as to contribute minimally to the cross section), shows the exclusion at more than 95% CL of the point Z = 0 Z = 0. Exclusion of this point i s direct evidence that the W boson couples directly to the Z boson. This is an important conrmation of the electroweak gauge theory rst noted in a CDF publication [16] . This result has been submitted for publication [15] .
Results from CDF
CDF has studied the dilepton and semileptonic decay modes of W Wand W Zproduction. The W W ( W Z )!` jet jet (`= e; ) analysis from Run Ia is long since published [16] .
CDF has recently published [17] a study of p p ! W W!` 0 0 (;`0 = e; ) based on the Run I data. Two isolated charged leptons with E T > 20 GeV and / E T > 25 GeV are required. In order to reduce background from Z boson decays, events with ee or invariant mass in the range 75 105 GeV/c 2 are rejected and, similar to the D analysis, events with ( / E T ; ) are rejected if / E T < 50 GeV. Finally, e v ents with any jet with E T > 10 GeV are rejected in order to reduce the background from t t production. Five ( 3 e, 2 ee, and 0 ) candidates were found in a data sample with an integrated luminosity of 108 pb 1 
Z Production 4.1. Results from CDF
The CDF Collaboration has previously published the results of the Run Ia Z!ee () analysis [19] . An analysis [7] based on a 67 pb 1 subsample of the Run Ib data is presented here.
Zcandidates are identied by the presence of two c harged leptons with large E T and a photon. The E T threshold is decreased from 20 GeV to 10 GeV for the lower E T electron. The muon thresholds remain at 20 GeV. The pseudorapidity range is increased from jj < 1:1 ( 0 : 6) to jj < 4:2 (1:2) for the lower E T electron (muon). The photon has the same selection requirements, including R(`; ), as in the W analysis described above. 31 Candidates are found with 18 in the ee and 13 in the decay modes. The background is expected to be 1:4 0:3 e v ents, dominated by Z + jet(s) where the jet mimics a photon. The predicted numb e r o f e v ents, including background, from the SM is 26:3 2:6 e v ents. This is in agreement with the observed number. The highest E T photons are 39 and 64 GeV. An event in the remaining (unanalyzed) part of the Run Ib data has a Z candidate with a photon of E T = 182 GeV. A t of the observed E T to that expected from the SM + background yields limits on anomalous ZZ couplings. 
Prospects
There will be substantial improvements in the anomalous coupling limits in the near future as CDF and D continue to analyze the Run Ib data. Ultimately, the two experiments will combine their results to produce Tevatron limits for Run I.
Presently D and CDF are working on their detector upgrades for Run II. The Main Injector will allow the Tevatron to provide 2 fb 1 data samples to each detector at p s = 2000 GeV. For D, the addition of a solenoid magnet and new tracking system will improve the muon resolution. The CDF detector will have improved electron and photon acceptance in the forward direction.
Limits on anomalous couplings scale by approximately the 1/4 root of the luminosity for xed and assuming no improvement in technique. The large luminosity will provide upwards of 3000 W !` events, 700 Z!ee + events, 100 W W!dileptons events, some 30 W Z! trileptons and a handful of ZZ ! e 0 s and 0 s per experiment. CDF has already observed a ZZ event during Run I. Figure 2 shows their ZZ! + + event. This is the rst Z boson pair candidate recorded. Qualitatively, the W , and perhaps, the W Zradiation zeroes will be unambiguously observed. Anomalous coupling limits will begin to probe the theoretical expectations.
Conclusions
In summary, the Tevatron continues to dominate observation of vector boson pair production. All of the pair production decay modes are accessible. Limits on anomalous coupling W W ,W W Z ,ZZ, and Zcouplings remain, by a large margin, the tightest available. The prospects for Run II indicate the situation will remain so for some time.
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